stroke subtypes could allow a rational allocation of resources to those who are most likely to benefit.
One of the limitations of research on stroke unit care has been the varying definition of a stroke unit.
1 Stroke units may consist of some combination of a geographically defined unit with skilled nursing care, access to physician specialists with expertise in stroke, and evaluation by therapists with stroke experience. Not all elements may be present in each hospital with a stroke unit, particularly in the setting of real-world clinical practice outside the context of prospective clinical research. To overcome this limitation, we have previously created an organized care index (OCI) as a scale of the amount of specialized stroke care, and shown that higher OCI is associated with better outcomes following ischemic stroke. 6 In this study, we hypothesized that higher levels of organized stroke care, as measured by the OCI, would be associated with lower mortality across all ischemic stroke subtypes. We tested this hypothesis in the registry of the Canadian Stroke Network (RCSN), a hospital-based prospective cohort study of consecutive patients with acute ischemic stroke that was designed to provide information on stroke-related care and stroke outcomes in the real-world setting.
METHODS Subject population and study measurements. The methods of the RCSN have been previously published. 7 For the present study, we used data from phase 3 of the RCSN, and included all consecutive patients with acute ischemic stroke seen at 12 Ontario stroke centers between July 1, 2003, and September 30, 2007 , with documented ischemic stroke subtype information. Median hospital bed size was 396.5 beds (interquartile range 290. 5-442.5 beds) . Eight of the hospitals had a stroke unit in place during the entire study period, while 2 hospitals established stroke units in 2004 and the remaining 2 established stroke units in 2005.
Detailed clinical data were collected by chart abstraction performed during and after the hospital admission by trained neurology research nurses using custom software. The medical care for each patient was determined at the discretion of each patient's physician. Hospitals were aware of the data being collected but had no beforehand knowledge of the study hypotheses tested here. The presence of stroke units was verified by on-site audit. Stroke severity was assessed on admission using the Canadian Neurological Scale; in this scale, higher scores indicate lower severity. 8, 9 Ischemic stroke subtype was assigned, according to the Trial of Org 10172 in Acute Stroke Treatment criteria, 10 by the study coordinator based on documentation by the treating physician and the investigations recorded in the chart. For the purpose of this analysis we analyzed ischemic stroke subtype as the following categories: cardioembolic, large artery atherosclerosis, lacunar, or other (including both other determined causes of stroke as well as undetermined causes). Palliative care was defined as a physician's order in the chart to provide comfort care only rather than active medical management. Prior studies have shown excellent agreement for the abstracted data elements, with kappa scores of Ͼ0.8 for key variables, including stoke subtype. 11 To capture all-cause mortality after stroke, both during and after hospitalization, the RCSN database was linked to the Ontario Registered Persons Database. 7 The OCI was used to categorize exposure to various stroke services, as in our previous study. 6 The OCI is a summary score for each individual patient that assigns 1 point for receipt of each of the following services: 1) occupational therapy or physiotherapy, 2) stroke team assessment, and 3) admission to a stroke unit. A score of zero indicates that stroke patients received none of these services, and higher scores indicate access to more services. A stroke team was defined as a multidisciplinary group of stroke specialists including physicians, nurses, occupational therapists, physiotherapists, and speech language pathologists. Assessment by any of these allied health professionals was recorded in the RCSN as a visit at any point during the hospitalization. A previous study found that receipt of physical therapy and occupational therapy were moderately correlated, but there was little correlation between stroke team assessment, stroke unit admission, and physical therapy or occupational therapy. Statistical analysis. First, we examined the relationship between OCI category and 30-day mortality, stratified by ischemic stroke subtype. Mortality was chosen as the primary outcome because the study does not include assessments of postdischarge functional status.
2 tests were used to compare categorical variables; analysis of variance or Kruskal-Wallis tests were used to compare mean and median differences for continuous variables in baseline characteristics. Age was categorized as Ͻ60, 60 -79, and Ն80 years, and stroke severity on admission was categorized as mild (Canadian Neurological Scale Ն8), moderate (Canadian Neurological Scale 5-7), or severe (Canadian Neurological Scale Յ4) on the basis of previous studies. We used the CharlsonDeyo index to quantify the number of medical comorbidities for each patient, based on the presence or absence of 17 medical conditions 12 ; a score of zero indicates that no comorbidities are present, and higher scores indicate a greater burden of comorbidity. 13 The Charlson-Deyo index was categorized as 0, 1-2, or Ն3 for the purpose of analysis, as in our previous study.
14 Multivariable logistic regression models were used to determine the association between OCI and mortality, with adjustment for age, sex, Charlson-Deyo index score, and Canadian Neurological Scale score. The OCI was categorized as high (OCI 2-3) or low (OCI 0 -1) for incorporation as a predictor in the regression model and to calculate effect sizes including risk ratios and absolute risk differences. We used ischemic stroke subtype-by-OCI interaction terms to determine whether the effect of OCI on 30-day mortality was significantly different between ischemic stroke subtypes.
As some patients with very severe strokes may be treated with a palliative approach, and be both less likely to receive organized care and more likely to die following stroke, secondary analyses excluded patients where the RCSN database indicated that they were treated with a palliative approach during their stroke hospitalization.
Statistical analysis was performed using SAS statistical software version 9.1.3 (SAS Institute Inc.; Cary, NC). All tests were 2-tailed, and p values Ͻ0.05 were considered significant.
RESULTS
During the study period, there were 6,965 consecutive eligible patients with an ischemic stroke and ischemic stroke subtype information. We excluded 568 (8.2%) without a valid unique health care identifier number and 174 repeat admissions for stroke for the same patient (2.5%). Therefore there were 6,223 patients for analysis. There were 3,215 consecutive unique patient admissions that could not be analyzed because ischemic stroke subtype was not recorded in the chart (representing 34.0% of all ischemic stroke admissions).
Characteristics of the study population, according to ischemic stroke subtype, are shown in table 1. Significant differences across subtypes were seen for many characteristics, partly reflecting the large size of the database. Cardioembolic stroke was most common; patients with cardioembolic stroke were older, had higher stroke severity, had higher mortality and more poststroke disability, and were more likely to be treated with palliation. Patients with lacunar stroke or other stroke (including both determined and undetermined causes) had lower initial stroke severity and better outcomes. Patients with large artery atherosclerosis had intermediate outcomes, and were more likely to be male. Patients with other causes of stroke had lower OCI; otherwise, the distribution of OCI was similar among the subtypes.
A strong graded relationship between OCI category and the rate of death by 30 days was seen in each ischemic stroke subtype (figure e-1 on the Neurology ® Web site at www.neurology.org). Likewise, KaplanMeier curves showed the same graded relationship between OCI category and cumulative survival following stroke, with the greatest separation of the curves occurring in the first 10 -15 days poststroke (figure 1). The effects of high OCI (2-3) compared to low OCI (0 -1), calculated as risk ratios, relative risk reductions, absolute risk differences, and numbers needed to treat, are shown in table 2. In a sensitivity analysis excluding patients treated with palliative care, essentially similar relative risk reductions for mortality were seen (table 2). As expected, the corresponding absolute risk reductions for higher OCI were lower following the exclusion of patients treated with palliative care, because of the overall lower mortality (table 2) .
The multivariable-adjusted independent predictors of 30-day mortality are shown in table 3. OCI and ischemic stroke subtype were both independent predictors of mortality in the overall cohort. Higher OCI was associated with a lower adjusted odds ratio (aOR) for mortality (aOR 0.23, 95% confidence in- To assess for selection bias we compared patients with ischemic stroke subtype information (n ϭ 6,223) to patients where ischemic stroke subtype was not recorded in the chart (n ϭ 3,215). Patients without ischemic stroke subtype recorded, compared to those with ischemic stroke subtype recorded, were slightly older (72.8 vs 71.9 years), had more medical comorbidities (Charlson-Deyo index Ն3 in 21.6% vs 19.6%), had higher stroke severity (Canadian Neurological Scale score 0 -4 in 17.7% vs 15.5%), were more likely to be treated with palliative care (15.0% vs 10.8%), were less likely to receive higher levels of organized care (OCI 2-3 in 74.0% vs 81.1%), and had higher 30-day mortality (16.1% vs 12.2%) ( p Ͻ 0.05 for all comparisons). The relationship between higher OCI and mortality was very similar in those with missing ischemic stroke subtype information (aOR 0.24, 95% CI 0.19 -0.30) compared to those where ischemic stroke subtype was present (table 4), however. DISCUSSION Prior literature, including studies of the RCSN, shows that stroke unit care is associated with better outcomes following stroke. 1, 6, 14 Here, we show in a real-world setting that increasing level of organized stroke care is strongly associated with decreased mortality in each of the main ischemic stroke subtypes. In this study, we analyzed escalating levels of organized stroke care as using the OCI, as in previous studies, 6 rather than dichotomize stroke unit care into present or absent, an imprecise task given expected variability in the composition of stroke units across hospitals. OCI levels from 0 to 3 were assigned to each patient based on the presence or absence of occupational therapy or physiotherapy, stroke team assessment, or admission to a geographically defined stroke ward. By doing this we were able to show that increasing levels of OCI were associated with graded decreases in stroke mortality across each of the ischemic stroke subtypes. The effect of higher OCI on mortality was independent of other predictors of mortality, and was also seen in sensitivity analyses excluding patients treated with palliative care, who would be less likely to receive intensive care or rehabilitative services. The effect of OCI was somewhat weaker in the large artery group. Even so, the effect of higher OCI on mortality in patients with large artery disease was strong and highly statistically significant, with the odds of 30-day mortality more than halved compared to those with lower OCI. The strong association between higher OCI and lower mortality in each ischemic stroke subtype was seen despite large differences among the subtypes in age, sex, initial stroke severity, and stroke signs. Consistent with other reports, we found that cardioembolic stroke was associated with older age and higher mortality, while lacunar stroke was associated with lower mortality. 4, 15, 16 Not surprisingly, lacunar stroke patients had fewer cortical signs, such as aphasia and neglect, than other stroke patients. The fact that strong associations between higher OCI and lower mortality were observed in each subtype, despite these differences, suggests that the effect of organized stroke care is not limited to a narrow range of age, stroke severity, or stroke symptoms.
Few previous studies have attempted to determine whether the effect of organized stroke care is affected by ischemic stroke subtype, because most previous studies have not collected stroke subtype information, particularly in the real-world setting outside the Abbreviation: CI ϭ confidence interval. a Univariate and adjusted odds ratios were determined by logistic regression. b Higher scores represent less severe stroke. context of clinical trials. A post hoc analysis of a randomized trial of comprehensive stroke unit care, comparing comprehensive stroke unit care to general medical ward care with specialist stroke team support, found that stroke unit care reduced 30-day mortality in patients with nonlacunar stroke (n ϭ 164) but not in patients with lacunar stroke (n ϭ 103). 5 In the lacunar stroke group, mortality at 30 days was 1/49 in those with stroke unit care, compared to 1/54 in those with stroke team consultation only. This contrasts with our finding of substantially reduced 30-day mortality in lacunar stroke patients with higher OCI compared to lower OCI (aOR 0.16, 95% CI 0.09 -0.29, p Ͻ 0.001). It is clear that the low number of lacunar stroke patients and mortality events gave little power to detect the effect of organized stroke care in the randomized trial, however. In fact, in the randomized trial there was a trend toward greater 1-year survival in lacunar stroke patients randomized to comprehensive stroke unit care (odds ratio 2.8, 95% CI 0.8 -59, p ϭ 0.07).
5 Additional differences between the trial population and our study population are that the randomized trial only enrolled patients with moderately severe stroke, not mild or severe stroke, and that all the trial patients received some form of organized care (because the control arm included stroke specialist consultation), whereas our study of organized care in clinical practice included all stroke severities and included patients who received no organized care. In light of our findings, we suggest that lacunar stroke patients be provided organized stroke care, pending additional larger adequately powered randomized trials to prove or disprove the effect of organized stroke care in this subgroup.
There are some limitations to this analysis. We do not have information on the cause of mortality.
Longer-term outcomes were not analyzed and warrant further study. We did not analyze the impact of individual medical treatments that may have differed between patients with higher or lower OCI; therefore we cannot determine all of the mechanisms by which higher OCI might lead to lower mortality. Further research will be needed to investigate the mechanisms by which organized stroke care improves outcomes. A substantial number of patients did not have ischemic stroke subtype information recorded in the chart (34.0%) and there were differences between those with and without ischemic stroke subtype information, although some of the differences were fairly small. This raises the possibility of selection bias, although the magnitude of this bias may be relatively small because the relationship between higher OCI and lower mortality was very similar in those with or without ischemic stroke subtype information. The possibility of residual confounding of our results cannot be completely excluded because this was an observational study, not a randomized trial. Although we controlled for confounding by regression, there remains the possibility that unmeasured confounders could explain some of the relationship between OCI and mortality. We considered whether the relationship between higher OCI and lower mortality could be explained by decreased provision of organized stroke care to patients with severe stroke, or advanced age, which were deemed to have a poor prognosis. The association of higher OCI with lower mortality remained robust and consistent when adjusting for age and stroke severity, however. Additionally, we found that the results were similar when excluding patients treated with palliation.
Our finding, that organized stroke care is associated with lower mortality in each of the ischemic stroke subtypes, has important implications for the organization of stroke systems of care. Access to organized stroke care is limited in many health care systems because of scarce financial or physical resources, or geographic disparities in resources. 17 In this context, determining which patients are likely to benefit most from organized care, and which patients are not likely to benefit at all, could be important for patient selection for more intensive stroke-related services. Based on these data, patient selection for organized stroke care based on ischemic stroke subtype does not seem warranted. Our data suggest that all ischemic stroke subtypes benefit from organized care, including mild lacunar strokes and severe cardioembolic strokes. Abbreviation: aOR ϭ adjusted odds ratio; CI ϭ confidence interval; OCI ϭ organized care index. a Univariate and adjusted odds ratios were determined by logistic regression. Adjusted analyses controlled for age, male gender, Charlson comorbidity index, and Canadian Neurological Scale (a measure of stroke severity); see text for details. The OCI effect in large artery atherosclerosis (aOR 0.34) was somewhat smaller than the effect in lacunar stroke (aOR 0.16, p ϭ 0.04) or other stroke (aOR 0.17, p ϭ 0.02); otherwise there were no differences in the OCI effect estimates among the different ischemic stroke subtypes. b Represents odds ratio for 30-day mortality in those with higher OCI (2-3) compared to lower OCI (0 -1).
